Abstract. This paper discusses strategies and concepts of information and communication-support for knowledge-intensive work processes. The necessity of social informatics or organizational informatics according to Rob Kling results from the complementarity of formal (syntactic), product oriented and informal (semantic), process oriented, technical, and social view in informatics. The understanding of man/computer communication as a problem of linking syntactic and semantic information processing, led to the idea of information centers. The importance of social (organizational) informatics is illustrated in connection with the development of modern information and communication technology; new forms of communication to support international collective research; computer supported knowledge work, as a problem of linking syntactic and semantic information processing. The automated information processing, software use, must be organized, before and during knowledge-intensive work processes take place.
The Complementarity of technical and social views in Informatics and the Necessity of a social oriented Informatics
The decisive basic problem that we have to face when directing our attention to the subject 'Human Choice and Computers' and therefore to social and methodological problems of information processing is the relation between computer and Man, automation and its social environment, between the mechanism and living reality. Informatics especially develops due to the necessity of bridging the gap between the technological automation, working in purely syntactic terms (as information transformer) and the creative, active human being (as a social being), enabled to perform information and knowledge generation and to carry out semantic information processing. Because of these decisive differences, the software use has to be organized and the formal operations have to be integrated into the complex work process of Man. With today's conference, we want to remember and honor Rob Kling. The author immediately remembers the first encounter with him. Rob Kling was the representative of the USA in the working group 'computers and work' of IFIP TC9. Even if he seldom took part in the meetings, we repeatedly met and talked with each other. I visited him at the University of California Ervine. This visit at his home is for various reasons unforgettably to me. I asked him, what the core of the master course on 'computer science and society', introduced by him at the university, was. He answered: "The core of the education in this field is of course organization theories. I don't need to tell you, because you were one of the first, demanding the inclusion of organization theories in information systems design." But our IFIP/TC9 Working group 1 conference in Berlin on 'Information system, Work and Organization design', had not taken place yet [1] . With this remark, he could have hardly referred to our national conferences on 'organization of the information processing' at Humboldt University. However, he could very well have referred to the IFIP/IFAC Conference on 'Socio-technical Aspects of Computerized Automation' (SOTAC) in Budapest, 1979 [2] , on discussions in the TC9 (unpublished contributions). He referred to the idea of 'information centers' as an organizational form for the realization of indirect man computer communication, as we had discussed on an IIASA workshop on Data Communications". [3] Like me, he saw this as a proof for the necessity to develop orgware i [4] next to hard-and software. One must develop a new discipline in or with computer science, an organization computer science. Further we discussed the necessity of a social oriented computer science because of the complementarity of formal (syntactic), product-orientated and informal (semantic), process-oriented, technical and social views in informatics. The computer scientist must primarily recognize that this complementarity goes right through the center of the discipline computer science itself. Software must be formally correct and at the same time as a tool adequate for the work process. This complementarity of correctness and task adequacy was the inside, which made the paradigm change in software engineering necessary and led to a social orientation of informatics.
During our 'IV colloquium for the organization of the information processing' Christiane Floyd for the first time spoke about the necessity of a paradigm change in the computer science or software technology. She writes: "My topic was: ‚essential features of a paradigm change in software technology' a precursor to my English paper to which I dared me at that time for the first time" [5] .
The emphasis on qualification and users' participation as a source of democratic participation at work and at the processes of change taking place was only one aspect of the problem. The other one was the attention of the abilities and skills as well as the participation in the system design and software development process as a creative process of learning and communication. They then worked this out especially in the STEPmethodology of Christiane Floyd and her coworkers [6] , [7] , [8] .
With reference to the work of Rob Kling, organization informatics developed further in the department of Informatics of the University of Hamburg by Arno Rolf [9] and his coworkers. The development of software and design of complex information systems must occur in a structural coupling with a social organization to integrate complex information systems into the social context. Based on it, Bernd Pape [10] points out that we must organize software use and information processing. In this contribution, we especially want to show that we must organize software also during its use, particularly at problem solution processes, as it is characteristic for knowledge intensive work processes and scientific work. Information centers (or other organizational forms) could be helpful by this necessary organization of software use.
The support of knowledge-intensive work processes and of knowledge management in knowledge-intensive organizations by modern information and communication technologies has become an important topic in informatics. The vision is as follows: ICT-support of cooperation, of knowledge provision, and generation helps to develop creative-learning organizations. If one also takes the local and global social structures of the human society into account, it could be the basis for an information and communication society for all, or even, the basis for the development of the Noosphere in the sense of Teilhard de Chardin and Vladimir I. Vernadsky [11] , [12] .
New Forms of Communication to Support knowledge
Work and International Collective Research
Basic Concepts and the Development of Modern Information and Communication Technology
The development of a social oriented informatics has proven necessary to integrate computer application systems into the social context and to adapt the computer application systems to the needs of users, though not vice versa. Above all, it is necessary to ensure that we design information systems not according to technical principles alone, but also according to social concepts, values, and objectives. The question of the relation between the computer and society, and between computer and human choice leads to the discussion of the following issues. 1. Different positions in world outlook regarding the position of Man to his tool 2. Different basic lines resulting from this for the automation of intellectual activities 3. Different directions for the use of computers in various spheres of social life.
As to the position of Man to his tool, the following basic concepts may be distinguished. 1. The concept of the direct and indirect identification of Man and the computer, the position of the most classical, strong AI-researcher (technicism) 2. The concept of a mystic exaggeration of Man's abilities, which is often related to an unjustified criticism of technology (technology pessimism) 3. The concept of a purposeful an effective Man-machine combination, uniting the advantages of human and machine-performed information processing to form an efficient overall system and giving full consideration to the creative abilities of Man. Obviously, the fist two concepts represent extreme viewpoints resulting from a unilateral visualization of the interaction between Man and computer. We can only overcome this by a dialectical approach to this relationship.
The application of modern information and communication technologies faces us with a multitude of new problems. They not only concern technical and technological problems, but above all, the position of human beings in such complicated technical and technological systems and in the organization, which includes these systems. In this context, explicitly and implicitly extremely varying fundamental attitudes exist that differ in providing a response to this question. That is, we must determine whether we can understand the human being as a disturbing factor, as a relatively imperfect being as compared with automation (so as can be more or less completely replace Man by automation), or whether Man is really seen as the genuine master of these modern technologies. Dependent upon the manner in which we answer this question, we powerfully influence the basic strategies for the utilization of modern information and communication technologies, and research and training programs in informatics. The answer to this question also influences the development of local and global digital networks.
In the late 1960s, U.S. scientists created the so-called ARPA-Net that connected military computers and computers of universities with one another. In the early 1980s, the research institutions used the network to an ever-increasing extent. The U.S. government transferred the network's operation to the National Science Foundation. This also allowed other countries to connect with this network gradually. This became possible, because the ARPA-NET is fundamentally connected to and born of computer science rather than of the military, as Licklider stated in his ARPANET Completion Report [13, p. 96] .
At that time, the author took part in further elaborating and developing this approach on intellectual lines, by active participation at the IIASA conference on data communications and further workshops. The title of our paper was 'Man machine communication' -a problem of linking semantic and syntactic information processing [3] . [3] These ideas were very well received at this conference, but not at home. We always wondered why? Now we know at least part of the answer!
Information centers / Thinking center
In our book Informatics and Automation [7] , our thesis, that problem solution processes are not steadily automated, plays a large role. Therefore, different dialogue forms (direct dialog and indirect dialog via an information center) can or must support a combination of man and computer because man/computer communication is a meaningful combination of syntactic (machine) and semantic (human) information processing.
Semantic information processing is the combination of meanings of information to form new meanings. It is typical of man's intellectual information processing that it is concentrated upon the contents. Man carries out the structural processes, which are underlying the meaning of words and sentences, unconsciously.
Syntactic information processing is a transformation of the structure of information carriers. Because of specific rules between information carriers and their meanings, we ascribe new meanings to them. The mediation of structural transformations processes the contents of semantic statements.
A reviewer of our book wrote that our strategy of the information center clearly shows how strongly the authors underestimate the forthcoming performances of the artificial intelligence (AI) research. To our satisfaction, we experienced exactly the opposite reaction at the IIASA conference, one of the first public meetings for the development the ARPA-Net. Davis, the developer of the packet switching, jumped up and cried out, "You are right! If the technical net stands once, then the net of the information centers will be the real net."
This different reception of our concept was based on the fact (as we know today) that the net development under J.C.R. Licklider [14] supported the consideration of man and machine having things in common and significant differences. Therefore, we need a sensible man-computer interaction (symbiosis). As a prerequisite for this man-computer symbiosis, Licklider also saw (of course we did not know this at that time) the socalled 'Thinking center' [14] . The leading vision for research on the development of modern digital nets was a technical net by which the people could cooperate internationally. The basic scientific visions developed this for a new way of computer use.
These visions lead once to the understanding of the computer as a medium and on the other hand, to the thought of a combination of the special abilities of the computer with the special abilities of man; J.C.R. [3] .
With this statement, we were suddenly, without realizing all its consequences, in the middle of an international struggle for a paradigm change: from an understanding of the computer as a competitor for Man to an understanding of the Computer as an effective part of a Man-ComputerCombination. However, it was not easy to overcome the first position and to introduce the concept of a purposeful and effective Man-ComputerCombination. Therefore, even J.C.R. 
Computer aided Knowledge-intensive work processes -a problem of linking semantic and syntactic information processing
We proceed from the assumption that the scope for setting up new organizational structures has increased decisively with the recent development in modern information and communication technologies, especially with the global electronic network-the Internet. Due to their ability to overcome the restrictions of time and space, network systems promise to enable new types of work, a new culture of knowledge work and scientific work.
With Figure 2 , we especially want to stress the point that knowledge as a process and product of a social process is embedded in distributed social activities and that knowledge is generation in cooperation in a work community.
The proposed fundamental difference between syntactic and semantic information processing, the difference between store and memory, the difference between information processing and information generation of forming meanings, is also fundamental here.
Nevertheless, a knowledge-gap characterizes knowledge-intensive work process and even more a scientific work process. It is a problem-solving process. Due to the knowledge-gap, a problem solving process cannot continuously be formalized and thus not generally be automated. In the case of creative aspects of knowledge intensive work processes and scientific work -in the case of cooperative knowledge production the communication-oriented (personal-oriented and social-oriented) approach has therefore to be dominant. Integration with the information-oriented approach (with the formalization and codification strategy) seems to be sensible because the knowledge intensive work process and the scientific work process need both, the provision and the generation of knowledge. The knowledge-intensive and scientific work processes are different mixtures of creative work, routine work and of non-schematic and schematic tasks, which can be formalized. [16] , [17, pp 195-210] .
If the aim is to increase the cooperation of Man, then from this viewpoint also some various directions complementing each other necessarily are to be discussed in the use of the computer. 1. We can use computers primarily to support the functions of major systems.
2. We can use computers in support of the functions of the individual human being as the only productive force.
Figure 2: Provision and Generation of Knowledge intensive work processes
The first direction led above all to support managerial and administrative functions and to the immediate process control. In addition, as A. Rolf points out, we can only see certain strategies of knowledge management as a modern version of this direction [18] . The second direction led to computer support in current individual work processes. As the result of the development of interactive systems and, owing to the communication systems, the information processing function of the individual human being, individually or in groups, more and more is assisted in the immediate work operations. Therefore, we could bring information and communication technology closer to the work place. This became the basis for a computer support of knowledge intensive work processes.
We find both directions in the different strategies of the modern knowledge management. In the book Interaktionsorientiertes Wissens Management [16] (Interaction-oriented Knowledge Management) the authors show the necessity of their integration. We might suppose that this direction of 'interaction oriented knowledge management' will lead to an essential reinforcement of social organization because of widening the range of abilities proper to the human beings working in knowledge intensive work processes.
The knowledge-intensive work processes requires new cooperative, self-organizing forms for work, organization and learning that support creativity and can be supported by information and communication systems (in particular Tele-cooperation systems).
An information center can be useful to organize Software use
For knowledge workers, people working on problems, we must aim at designing possibilities for ICT applications allowing a very simple transition to a machine-readable formulation of a task. Knowledge workers often require very detailed special knowledge in the field of computer technology and of modeling processes. Above all, non-schematic tasks occur. Nevertheless, the necessity of immediate action and decision is not typical of the creative problem solving process in knowledge work or scientific work. Therefore, it is not necessary to build only direct man/computer systems with real time processing. To give aid to the process of working on problems and solving them, especially for management staff of higher levels, and other knowledge workers indirect man/computer communication is by far a more advantageous solution. In indirect communication, a special process of work is switched between the syntactic and the semantic information-processing operations.
This process of work comprises the fact process to be modeled until the formulation of a machine-intelligible data processing task, including cooperation of the user with the modeler (problem analyst) on the semantic level. Therefore, a special organizational component of man/computer communication that is often called an information center (a thinking center) or a knowledge broker carries out the function of mediating.
It is necessary, as F. Fuchs-Kittowski and P. Stahn showed [17] , to differentiate between different approaches and strategies of knowledge management: information-oriented approach (with the formalization and codification strategy) and the communication-oriented approach (with the personification and socialization strategy). It also becomes necessary to differentiate between levels of the enterprise organization: a) the individual, b) the group, c) the whole organization, which have to be integrated for an effective knowledge management [16, 17] . On the different levels of organization (and strategies), we will have a different use of an 'information center' (or 'thinking center'). First, (see Figure 2 , organizational memory) we have the orientation towards syntactic storage of knowledge and its retrieval. Here, we will still need the information center (or knowledge broker). On the next level (see Figure 2 , cooperative problem solving), an information center in the proposed sense, will not always be necessary. Not that the reductive concept of the direct and indirect identification of Man and computer has succeeded! The opposite is true, because the concept of a purposeful an effective Man-computer combination, considering fully the creative abilities of Man, has succeeded, with a strong social orientation. The understanding of knowledge as a social product, the insight, that knowledge generation takes place in social groups, has led to the communication-oriented approach. In these communities of practice, in the process of cooperative problem solving, the function of the 'special organizational form: information center' linking semantic and syntactic information processing can, when needed, also be delegated to specialists in the group. The cooperative problem solving takes place in a group of experts. They might be engaged in this task in such a manner, that not all have to use the information and communication technology themselves, but they now need the knowledge broker: a) to keep updated the knowledge base, b) to organize the experts and c) to gather the results of the individual problem solving processes.
If we look at the information-oriented approach, we see the support of always repeating schematic tasks as typical for the formalizing strategy. Characteristic for the codification's strategy is the support of routine activity. Not formalized routine activities have also creative aspects, because known methods are used in different context. Here an information center in the original proposed sense could be useful, because it becomes necessary to link semantic and syntactic information processing.
If we look at the communication-oriented approach, we see that also the personification strategy deals with the support of routine activities. In addition, we can introduce an information center, a knowledge broker, linking the syntactic and semantic information processing. Only with the socialization strategy, dealing with the support of creative activities in communities, the main task is the organization of the communication between human beings. This means we can but must not link semantic information processing with the syntactic information processing. The computerized (syntactic) communication system supports the organization of the semantic communication between the experts.
We understand the knowledge intensive work process as a problem solution process. Because of a knowledge gap, we cannot address the problem solution simply by a task solution. Due to the knowledge gap, a problem solution is not a general formalization. We must provide knowledge for the solution of the problem or we must create equipment and conditions to generate the missing knowledge. Here the IKT support needs the organization of software use, it becomes specifically important to select ore construct the prerequisite for the problem solution. The problem aims determine the prerequisites for the problem-solution.
Thus, Frank Fuchs-Kittowski and Peter Stahn [17] differentiate between schematic and non-schematic tasks, between routine and non-routine activities. This leads to a differentiation between an automation of information processing: a) on the basis already existing, b) as a general potential existing and c) yet without existing prerequisites: a) Prerequisites already exist and remain constant; we can support alwaysrepeating tasks based on standards. b) Prerequisites selection, we select the prerequisites for the problem solution from already existing information and operation funds. Therefore, we select or generate them from general prerequisites already created. The prerequisites, required as an information and operation fund, can, however, either already exist or are not yet available. c) Prerequisite construction, the creation of information and operations funds for the problem solution becomes necessary. In knowledge intensive work process, as problem solving, the aim usually develops and therefore the prerequisites must be created. For a prerequisite construction, the information and operations required for the processes of information processing have to be conceived first, only gradually enlarging the necessary information and operation funds. We have no routine problems here. No knowledge is ready for their solution yet. The prerequisites to make use of the IKT, according to the solution of routine problems, must be created first. This prerequisite construction can, however, be supported by the system of the communication effectively. We can use different forms of organization for the prerequisite construction (see Figure 2 , information center, knowledge broker, knowledge community).
Informatics as a socially oriented science
Automation as an essential element of scientific and technological advance of our time is in no way a purely technological problem to be solved only by knowing and mastering the technological application conditions. This worldwide insight has led to the development of a specific scientific discipline, informatics -and social oriented informatics.
In our article 'Future Expectations to the Designer of modern Information Technologies' [19] , we state "If one takes into account, as Rob Kling [20] has worked out in the context of the Curricular debate in the USA, that the predominant part of the computer science graduates gets working for the development and the use of the IKT in social organizations, in the education one must take into account these IKT application areas and their problems correspondingly. An orientation towards the problems of an 'organizational computing', [20] an 'Organisationsinformatik' wasn't, at least in the context of computer science, carried out till now" [19] .
One overlooks there that this change of the guidelines (paradigm change) is forced from the technological development, the economic requirements, and the social development. An economically effective and socially justified application of modern information and communication technology requires a social orientation, which is carried at least by the insight that information system design at the same time has to be work and organization design. It definitely would be important, as R. Kling stated, to determine once, which economic damage is caused, how expensive the failure is for the society, not to include social -and also information science cognition's in the information system development.
Informatics has especially the task of elaborating some principles for understanding and methods for describing the interrelations between man and the automation, as well as between man and his working environment [21] , and of working out viewpoints for judging and forms of computer application, as well as recommendations and criteria for a humanistic system design [22] . Above all it is necessary to ensure that the design of automata-supported information systems in economics, education, the legal system and the health service are not only derived from technological principles but performed according to social ideas of values and goals [23] , [24] , [25] .
To develop an information society for all is a very important technical and social goal. Seen together with the concept of sustainable development this would be a substantial social innovation [26] , [27] Nevertheless, it is not a very deep concept that concerns real social development. We rather think that a further task actually lies before us. The one that must be carried out is really to integrate the potentials of information -and communication technologies in the process of shaping social and individual development, on the basis of a modern scientifically proven social concept and humanistic social visions, as the Noosphere Vision of Pierre Teilhard de Chardin and Vladimir I. Vernadsky [28] .
We should do this task in such a way that man is and remains the stating point and aim of the shaping of systems of social organization.
